**What's Known**

Due to numerous pharmacological and therapeutic properties, *Bonium Persicum* is widely used as a medicinal plant in folk medicine.The inhibitory effect of *Bonium Persicum* against hemoglobin glycation has been shown previously.

**What's New**

The hydroalcoholic extract of *Bonium Persicum* caused a significant decrease in albumin glycation, thiol group oxidation, and aggregation.It seems that the high antioxidant power of *Bonium Persicum* due to its high level of polyphenolic compound is the main reason for these effects.

Introduction {#sec1-1}
============

Protein glycation is defined as a spontaneous and non-enzymatic binding of reducing sugars including glucose, galactose, and fructose to free amino groups of proteins.^[@ref1]^ It is a multistep process that is initiated with the formation of Schiff bases between carbonyl group of a sugar and amino group of proteins, followed by Amadori rearrangement and finally several modifications which led to the formation of a variety of compounds known as advanced glycation end products (AGEs).^[@ref2]^ AGEs react with the proteins and other important biological molecules and impair their structure and normal functions. The role of protein glycation has been implicated in the pathogenesis of diabetes mellitus associated complication such as retinopathy, neuropathy, and nephropathy.^[@ref3],[@ref4]^ Protein glycation may also be involved in the pathogenesis of atheroscelerosis, Alzhimer's disease, rheumatoid arthritis, and chronic heart failure. Thus, naturally occurring chemicals that inhibit protein glycation may be useful for the prevention of these complications.^[@ref5],[@ref6]^ Phenolic and flavonoid compounds found in spices and medicinal herbs are among the most documented natural products that have been implicated to have anti-glycation properties.^[@ref7]^ Black caraway (Bunium persicum; BP) is an important medicinal plant belonging to Apiaceae family.^[@ref8],[@ref9]^ In herbal medicine, it is recommended for the treatment of some gastro intestinal illnesses, including diarrhea and inflammatory bowel disease.^[@ref10]^ Furthermore, its anti-hyperglycemic^[@ref11]^ and anti-hyper lipidemic activities^[@ref12]^ have been demonstrated. Anti-inflammatory,^[@ref10]^ anti-oxidative,^[@ref13]^ and anti-nociceptive^[@ref14]^ are among other beneficial medicinal properties of BP. Previous studies have reported gamma-terpinene, cuminal, p-cymene, and cumin aldehyde were the main components of BP seed extract (BPE).^[@ref14],[@ref15]^ The antioxidant properties of BPE have been demonstrated in previous studies. Shahsavari et al.^[@ref13]^ evaluated and compared the antioxidant potential of the essential oil of BP (BPEO) with synthetic antioxidants, such as butylated hydroxyanisole (BHA) and showed that BPEO (0.06%) had the same ability as BHA (0.02%) to reduce the oxidation of the soybean oil in the oven test. In addition, Sharififar et al.^[@ref16]^ reported that methanolic extract of BP exhibited a high antioxidant activity (IC~50~=45.7±3.6 µg/mL) in diphenyl-1-picrylhydrazyl (DPPH) assay and also in the inhibition of beta-carotene oxidation and lipid peroxidation. These findings indicate the antioxidant and radical scavenging potential of BP, suggesting the use of this plant in many traditional usages such as an additive in foods and beverages.

Serum albumin is the most abundant protein with a variety of biological function. Albumin is very sensitive to glycation and reacts with glucose more rapidly than hemoglobin, which makes it more reliable test for monitoring blood glucose level than glycated hemoglobin.^[@ref17],[@ref18]^ Albumin glycation has several clinical implications. Normal structure and function of albumin, including ligand binding and antioxidant properties, alter as a result of glycation. Moreover, glycated albumin has a critical role in the pathogenesis of diabetes mellitus associated complication such as cataract, retinopathy, neuropathy, and nephropathy^[@ref17],[@ref18]^ Furthermore, an increase in glycated albumin level has been shown in the brain and plasma of Alzheimer's disease patients, suggesting the role of glycated albumin in the development and progression of neurodegenerative diseases.^[@ref19]^

In a recent in vitro study, Naderi et al.^[@ref20]^ reported that BPE reduced hemoglobin glycation effectively. To the best of our knowledge, studies regarding the inhibitory effects of BPE on albumin glycation have not been reported. Thus, the first aim of the present study was to determine the possible inhibitory effect of BPE against glucose-mediated bovine serum albumin (BSA) glycation. In addition, glycation has detrimental effects on albumin structure, including oxidation of its free thiols to disulfide linkages or thiol radicals^[@ref21]^ and refolding of globular albumin into β-amyloid fibrils structure (β aggregates).^[@ref22]^ Because these changes affect the normal functions of albumin and have important clinical implications, we also investigated the effects of BPE on preventing BSA thiol group oxidation and aggregation.

Materials and Methods {#sec1-2}
=====================

*BPE Preparation* {#sec2-1}
-----------------

The seeds of black caraway were obtained from a local market in Shiraz (Fars province, Iran). It was authenticated by a taxonomist at the Department of Botany, Faculty of Pharmacy, Shiraz University of Medical Sciences, Shiraz, Iran. The voucher specimen with code "PM 977" has been deposited in the Department of Botany, Faculty of Pharmacy, Shiraz University of Medical Sciences. To prepare plant extract, 50 g of dried caraway seed was powdered in a grinder and was soaked in 350 ml ethanol 70% at room temperature. After 72 h, the mixture was filtered through Whatman grade 1 filter paper under the vacuum. The filtered was concentrated using a rotary evaporator and freeze-dried. The obtained powdered extract was stored at -20 °C for further use. A stock solution of BPE was prepared by dissolving the dried extract in dimethyl sulfoxide (DMSO). The stock solution was diluted using phosphate buffer saline (PBS; 0.1 M, PH=7.4) to obtain various concentrations of BPE (5, 10, 15, and 30 µg/ml). The final concentration of DMSO in the incubation medium (both in the control and test tube) was 0.3% that had no significant effect on BSA glycation.

*Estimation of Total Polyphenolic Content* {#sec2-2}
------------------------------------------

Total polyphenolic content of the BPE was measured using Folin-Ciocalteu method.^[@ref23]^ Briefly, 0.2 ml of the extract was added to 1 ml of diluted Folin-Ciocalteu reagent and 800 µl of 7% (w/v) sodium carbonate (Na~2~CO~3~). The mixture was incubated at room temperature for 30 min and the absorbance of each sample was then measured at 765 nm. Gallic acid was used as a standard (0.8-12.5 mg/ml). The total polyphenolic compounds concentration was reported as mg gallic acid equivalents per gram dried extract.

*In Vitro Glycation of BSA* {#sec2-3}
---------------------------

The procedure for the preparation of glycated albumin was according to the method of Monnier et al. with minor modifications.^[@ref24]^ Briefly, BSA (0.15 g/ml) was incubated in PBS (0.1 M, PH=7.4, containing 0.01% sodium azide) containing D-glucose (18 mg/ml) as glycated (G+A) group. The control group had the same amount of BSA in PBS (0.15 g/ml) without D-glucose. To investigate the effect of BPE on BSA glycation, different concentrations of BPE (5, 10, 15, and 30 µg/ml) were added to the incubation medium containing BSA (0.15 g/ml) and D-glucose (18 mg/ml) in PBS (0.1 M, PH=7.4, containing 0.01% sodium azide). The solutions incubated at 37 °C for 72 h. The reaction mixtures were then dialyzed against PBS (0.01 M, pH=7.4) for 24 h to remove unbind glucose from the samples.

*Measurement of Glycated BSA* {#sec2-4}
-----------------------------

The level of glycated BSA was measured by thiobarbituric acid (TBA) colorimetric method. In this method, glycated BSA is hydrolyzed by oxalic acid to produce 5-hydroxymethyl furfural (5-HMF) which reacts with TBA to form a chromophore with a maximum absorbance at 443 nm.^[@ref13]^ Briefly, 2 ml of 20% trichloroacetic acid (TCA) was added to 4 ml of glycated sample and centifugated for 10 min at 3000 rpm. 1 ml phosphate buffer and 0.5 ml oxalic acid (0.3 N) were added to the sediment and boiled in the water bath for 1 hr. After cooling, 0.5 ml of 40% TCA was added to each sample and centifugated (10 min, 3000 rpm). 0.5 ml 0.05 M TBA was then added to 1 ml of supernatant and heated in 40 °C for 30 min. The absorbance of each sample was taken at 443 nm. 5-HMF was used as standard and glycated BSA level was calculated and expressed as µmol of HMF per mg protein.

*Determination of Protein Thiol Groups* {#sec2-5}
---------------------------------------

Thiol group of glycated BSA samples was assayed according to the Ellman's method using 2, 4-dinitrophenylhydrazine (DNPH).^[@ref25]^ Briefly, 200 μL of glycated BSA samples were incubated with 1.8 ml of 5, 5'-dithiobis (2-nitrobenzoic acid) (DTNB) (0.5 mM) in 0.1 M PBS (pH 7.4) at room temperature for 15 min and the absorbance of samples was measured at 412 nm. The concentration of thiol groups was calculated using standard curve prepared by L-cysteine as a standard (0.05-0.5 mM). The results were reported as nmol/mg protein.

*Determination of Protein Aggregation* {#sec2-6}
--------------------------------------

Glycation stimulates refolding of globular albumin into β-amyloid structures and leads to the aggregation of albumin. Congo red was used to estimate the effect of plant extract on glycation-induced BSA aggregation. Congo red binds to β-amyloid and forms a complex with maximum absorbance at 530 nm.^[@ref26]^ Briefly, 0.5 ml of glycated BSA incubated with 0.5 ml of Congo red (100 μM in PBS with 10% ethanol) at 25°C for 20 min. The absorbance of the sample was then recorded at 530 nm.

*Statistical Analysis* {#sec2-7}
----------------------

The effect BPE on albumin glycation was expressed as % inhibition calculated by the following formula:

Percentage of inhibition=\[(G0−G1)/G0\]×100

Where Go is the glycated-BSA level of GA group and G1 is the glycated-BSA level of the GA samples co-incubated with BPE.

Data were analyzed using the SPSS software (version 16.0) and one-way ANOVA. All results are reported as mean±SD of at least triplicate values. The Tukey's post hoc test was used to compare group means. P\<0.05 was accepted as the statistically significant difference between groups.

Results {#sec1-3}
=======

*Total Polyphenolic Contents of BPE* {#sec2-8}
------------------------------------

The yield of plant extraction (mass of extract/mass of dry matter) was 10.8%. The content of polyphenolic compounds of BPE was 122.41 mg gallic acid equivalents per gram of dried extract.

*Effect of BPE on Albumin Glycation* {#sec2-9}
------------------------------------

The effects of various concentrations of BPE (5-30 µg/ml) on albumin glycation are shown in [table 1](#T1){ref-type="table"}. As can be seen, albumin glycation was found to be inhibited by the BPE in a dose-dependent manner (P\<0.001).

###### 

The Effect of various concentrations of BPE on inhibition of albumin glycation

  Group                  Glycation inhibition (%)   P value (compared to G+A group)
  ---------------------- -------------------------- ---------------------------------
  G+A + BPE (5 µg/ml)    0                          P=0.914
  G+A + BPE (10 µg/ml)   7.38±1.25                  P=0.031
  G+A + BPE (15 µg/ml)   13.62±0.39                 P\<0.001
  G+A + BPE (30 µg/ml)   27.80±4.49                 P\<0.001

The data are mean±SD of at least three independent experiments. The mean of each group presented as percent of glycation inhibition. Percent of glycation inhibition calculated by the following formula: Percentage of inhibition=\[(G0−G1)/G0\]×100 where G0 is the glycated albumin level of G+A group and G1 is the glycated albumin level of the G+A samples co-incubated with BPE. BPE: Bunium persicum extract; G+A: Glucose+albumin

*Effect of BPE on Glycation-Induced Oxidation of Albumin Thiol Groups* {#sec2-10}
----------------------------------------------------------------------

The influence of BPE on oxidation of albumin thiol groups is shown in [figure 1](#F1){ref-type="fig"}. The level of thiol groups decreased in G+A sample to about half of the control group (0.41 and 0.86 nmol/mg protein, respectively) (P\<0.001). When BPE was added to G+A, the level of thiol group was significantly increased dose-dependently compared to the G+A group. The percentage of the thiol group prevention from oxidation ranged from 9.75 to 51.7 percent by the concentrations of 10, 15, and 30 µg/ml, which showed significant protection against oxidation of thiol groups under these conditions (P\<0.001).

![The effect of various concentrations of BPE on albumin thiol groups levels. The level of thiol groups of each group was assayed according to the Ellman's method using L-cysteine as a standard. The results are reported as nmol L-cysteine per mg protein. The data are mean±SD of at least three independent experiments. G+A: Glucose+albumin; BPE: Bunium persicum extract.](IJMS-42-369-g001){#F1}

*Effect of BPE on Protein Aggregation During Glycation* {#sec2-11}
-------------------------------------------------------

The protective effect of BPE on protein aggregation is shown in [figure 2](#F2){ref-type="fig"}. The protein aggregation content in glucose-induced glycated albumin was significantly elevated in the G+A group at the end of the experiment time when compared with the control group, whereas BPE at concentrations of 10, 15, and 30 µg/ml reduced the level of amyloid cross-β structure in a concentration-dependent manner (10.5%, 10.8%, and 29.7%) (P\<0.001).

![The effect of various concentrations of BPE on the formation of amyloid cross-β structure in BSA incubated with glucose. Formation of amyloid cross-β structure was assayed using Congo red assay. The data are mean±SD of each sample absorbance at 530 nm. G+A: Glucose+albumin; BPE: Bunium persicum extract.](IJMS-42-369-g002){#F2}

Discussion {#sec1-4}
==========

The aim of the present study was to evaluate the effects of BPE on glucose-induced glycation, oxidation, and aggregation of BSA. We initially determined the TPC content of BPE extract since a direct association between the level of phenolic compounds in plant extracts and their ability to inhibit mono saccharine-induced glycation and anti-oxidant activity have been demonstrated in previous studies.^[@ref27]-[@ref29]^ The content of TPC in the ethanolic extract of Bunium Persicum in our study was 122.41 mg gallic acid equivalents per gram of dried extract that was very close to 117 mg gallic acid equivalents per gram extract of BPE that has been reported previously.^[@ref30]^ The high content of TPC in BPE may be an explanation for its high anti-oxidant and anti-hemoglobin glycation properties observed in previous studies.^[@ref13]^

In vitro protein glycation has been studied using several proteins (hemoglobin, collagen, crystalline, and serum albumin) and sugars (glucose, fructose, and ribose).^[@ref31],[@ref32]^ In the present study, we used glucose-induced BSA glycation because glucose and serum albumin are the main circulating sugar and protein with the highest concentration in the body.^[@ref32]^ Our data showed that glycated BSA is increased up to 5-fold of the control group after the incubation of BSA with glucose for 72 hr that is correlated to that reported previously.^[@ref24]^ The effect of BPE on glucose-induced BSA glycation was then investigated. The results revealed that BPE dose-dependently and significantly inhibited glycation of BSA. A similar finding has been reported by Naderi et al.^[@ref20]^ that demonstrated inhibition of glucose-induced glycation of hemoglobin by BPE. The anti-glycating effects of several phenolic-enriched plant extracts against monosaccharide-induced BSA glycation has been reported previously. For example, *Citrus grandis* L (Pomelo) extract (0.25-1 mg/ml) decreased the level of fructose-induced formation of glycated BSA approximately by 3.7-30.0%.^[@ref33]^ Pomelo extract also prevented thiol groups oxidation of BSA by 20% at the concentration of 2.00 mg/mL.^[@ref33]^ The extracts of edible plants (Beijing grass, pennywort, gingko, cat's whiskers, and grape seed) at the concentration of 1 mg/ml inhibited the fructose-mediated glycation of BSA by 50-30%.^[@ref34]^ Incubation of *Mesona chinensis* Benth extract with BSA inhibited BSA glycation by 39.60-59.42% at the concentrations of 0.25-1.00 mg/mL.^[@ref35]^ In the present study, BPE decreased the level of glucose-induced formation of glycated BSA approximately by 7.4-26.7% that showed moderate anti-glycating effect in comparison with the aforementioned phenolic-enriched plant extracts.

Protein glycation is associated with increased level of free radical production. The free radicals cause damage to proteins such as oxidation of thiol group.^[@ref36],[@ref37]^ Thus, the evaluation of thiol group oxidation in BSA is used to show glycation-induced generation of free radicals. The findings of the present study revealed a significant increase in the oxidation of thiol group of BSA after incubation with glucose. The addition of BPE to incubation medium significantly suppresses oxidation of thiol group dose-dependently. Several studies have shown the antioxidant activity of BPE extract.^[@ref15],[@ref16]^ Therefore, it can be assumed that the mechanism of BPE for decreasing protein oxidation may be related to its antioxidant properties.

Glycation induced various modifications on albumin function, which is due to alteration in its structure. Glycation is known to induce conformational change in proteins by increasing the level of β-amyloid structure. This structure plays an essential role in the aggregation of proteins. Deposition of aggregated protein is associated with the progression of neurodegenerative disease including Parkinson's and Alzheimer's diseases.^[@ref32]^ Our data clearly demonstrated that BPE decreased the level of amyloid β-structure of BSA. This beneficial effect of BPE may help to reduce a risk of developing degenerative diseases in diabetic patients.

The molecular mechanisms that are behind the effect of BPE on BSA glycation were not investigated in the present study. GC/MS analysis showed that antioxidant compounds including p-cymene (31.1%), cuminaldehyde (22.2%), and γ-terpinene (11.4%) are the main components of the essential oil of BP. Therefore, the observed BPE effects could be due to antioxidant properties of these components. However other possible mechanisms may also be involved.^[@ref38]^ In a recent study, Morshedi et al. reported the inhibitory effects of cuminaldehyde against fibrillation and aggregation of alpha-synuclein, a protein that has a critical role in the pathogenesis of Parkinson's disease. According to Morshedi et al., cuminaldehyde interacts with amine groups of alpha-synuclein and stalls the formation of insoluble β-fibrils. The same mechanism may be involved in the prevention of BSA aggregation observed in the current study. Separation of BPE components and evaluation of its effects on BSA glycation and aggregation are required to prove this hypothesis. Blocking the formation of Amadori products, blocking carbonyl groups of glucose, and breaking cross-linked structure are among other possible mechanisms. Further investigations are required to clarify the role of these mechanisms in the anti-glycating effects of BPE.

Overall, in the present in vitro study, using common, simple, and validate colorimetric assays, we showed the beneficial inhibitory effects of BPE against BSA glycation, oxidation, and aggregation. These data suggest that BPE could be considered as a useful therapeutic natural product for the prevention of glycation-induced disorders in patients with diabetes mellitus. However, judging the in vivo efficacy of BPE based on the results of an in vitro study is difficult and further comprehensive studies using animal models of diabetes mellitus or diabetic patient are necessary.

Conclusion {#sec1-5}
==========

In conclusion, our results suggest that BPE can be regarded as a medicinal plant with anti-glycation, oxidation, and aggregation of proteins. More studies are required to establish the mechanisms that are involved and the active constituents which are actually responsible for its beneficial pharmacologic actions of BPE.
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